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High  Energy  Density  Matter  (HEDM) 
Cryosolid  Propellants 


Objectives 

*  Trap  5%  molar  concentration  of  energetic  additives  in 
solid  hydrogen. 

*  Demonstrate  size-scaleable  sample  production  method. 


Payoffs 

Increased  Specific  Impulse 
Isp  VAHSP 

LOX/LH2  :  Isp  =  390  s 
5%  B/H2  +  LOX  :  Isp  =  500  s  (+30%)* 

*  calculated  for  Pchamber =  100°  PSIA,  Pexhaust  =  14.7  PSIA 

Greater  Propellant  Density 

liquid  H2  @  20  K  :  p  =  0.070  g/cm3 
solid  H2  @  2  K  :  p  =  0.087  g/cm3  (+25%) 
50/50  liquid  He/solid  H2  :  p  =  0.105  g/cm3  (+50%) 


Scientific/T  echnological  Motivations 
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Maximum  attainable  [M]  Limits  of  chemical  energy  storage  fuel  performance 


Experimental  Diagram 


Optical  Scattering  in  Solid  Hydrogen 

Crystal  Growing  and  Quality  (p.  81) 

“There  is  a  considerable  art  to  growing  hydrogen 
crystals  of  high  quality.  Good  crystals  are  always  grown 
slowly  from  the  melt;  a  rapid  freeze  from  the  gas  produces 
snow.” 

Crystallite  Light  Scattering  (p.  83) 

“The  reason  that  a  good  hydrogen  crystal  is  so  hard  to 
see  is  its  low  refractive  index.. .an  estimated  1.16! 

Yet  a  1  mm-thick  layer  of  hydrogen  crystallites  can 
be  a  completely  opaque  brown-black.” 

P.C.  Souers, 

Hydrogen  Properties  for  Fusion  Energy 
(UC  Press,  Berkeley,  1986). 
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Ortho  and  Para  Hydrogen 
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1  Q  !  17P5K  I.F.  Silvera, 

Para  H2  !  Ortho  H2  Rev.  Mod.  Phys.  52,  393  (1980). 


Ortho/Para  Hydrogen  Converter  Bobbin 
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UV  Transmission  of  1  mm  Thick  B/pH2  Sample 
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IR  Absorption  of  6  mm  Thick  Parahydrogen  Solid 
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Raman  Spectra  of  4.5  and  6  mm  Thick  Parahydrogen  Solids 
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Infrared  spectroscopic  study  of  rovibrational  states  of  methane  trapped 
in  parahydrogen  crystal 
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Deposition  Cartoon 


accretion  layer - solid  hydrogen 


Intensity  of  2135  cm  1  band  vs.  Temperature 


O 


. 

5— (  • 

G-)  rH 

1 1  i 

£  o 

a,  £  p 

O  o  g 

V  y 

a  g  ffi 

S3  co  Cu 
«  O 

^  &  s 

O  T3  Qh 


<+h  cd 

o  £ 

&  s 

'So  G 

g  T3 
£  G 
H  cd 
•  S  .O 

T3  v 
<D  sH 

^  c 
g  o 

tJ)  in 

«  m 

G  ,—l 
G3  (N 


'i  s 

2  G 
.3  co 

G  ’g 
D  o 

s-«  *3 
O  o 

O  ^ 

w  <d 

"G  T3 
5  i 

Ga  CQ 


G  2  C 
0.0 
o^  o  •  i— < 
o  G  2 

03  3  O 

. td  x>  > 

*G  *  j“J  G 
c/o  J3  O 

jj  a  ° 

x>  bo  R< 

■g^  -s 

£  §  t 

<D  G  ri 

S_  3  CJ 

tl  5  .o 
I— I  cd  M— I 


<D  © 

S  + 

-o  n 


(i-wo)  [(l/°l)0l'6o|]|ej6e;u|  a3ZHVIAIdON 


temperature  (K) 


Van’t  Hoff  Plot 
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B/pH2  LIF 

Xexc  =  217  nm,  125  pJ/pulse 
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B/pH2  UV  absorption  and  photobleaching 
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v17  B2H6  in  B/pH2  solid 
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B/Ne  UV  absorption 
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B/Ne  LIF 
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Na/Ne  LIF 
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Na/pH2  photobleaching 
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Conclusions 


*  As-deposited  pH2  samples  are  mixed  hcp/fcc  close-packed 
solids  that  transform  to  hep  upon  annealing  to  »  5  K.^ 

*  Demonstrated  trapping  of  various  dopant  atoms,  molecules, 
and  ionic  species  using  conventional  matrix  isolation  sources. 

*  Some  dopant  IR  absorption  bands  show  unresolved 
structure  even  at  0.1  cm'1  resolution. 

*  Measured  ~  1  K  temperature  rises  in  ~  0.1  cm  thick 
samples  subjected  to  ,10  mW/cm2  heat  loads  during  deposition; 
estimated  thermal  conductivity  of  rapid  vapor  deposited  pH2  is 
~  1  mW/cm-K. 

*  Observed  guest-host  photochemistry  during  attempts  to 
produce  energetic  dopants  via  193  nm  irradiation. 

*  Observed  LIF  of  B  atoms  in  solid  pH2.  Emission  lineshape 
is  independent  of  excitation  wavelength.  Photobleaching  results 
in  uniform  changes  to  absorption  lineshape. 

*  LIF  of  Na  atoms  in  solid  pH2  is  at  least  four  orders  of 
magnitude  weaker  than  LIF  of  Na  atoms  in  solid  Ne. 
Photobleaching  effect  depends  on  excitation  wavelength  and 
produces  varying  changes  to  absorption  lineshape. 


Future  Directions 


Bruker  IFS120HR  on  order. 

High  resolution  IR  absorption  (0.003  cm'1)  and 

Raman  (0.05  cm"1)  spectroscopies: 

unresolved  rotational  (hindered  rotor?)  structure  in 
presently  available  spectra, 
determine  inhomogeneities  in  dopant  environment: 
hcp/fcc  vs.  random  stacked  for  as-deposited 
dopant-dopant  interactions  (clusters). 

Analysis  and  simulation  of  IR  spectra: 
dopant  absorptions 

CO/pH2  “crystal  field”  model 

(collaboration  with  T.  Momose,  Kyoto  U) 
direct  simulation  given  dopant-H2  potentials, 
induced  H2  absorptions 

Measure  fluorescence  decay  of  “B  atom”  LIF. 

Work  to  increase  dopant  concentrations  from  0.1  to  1% 

levels;  demonstrate  useful  energy  storage. 


Substrate  and  Bulk  Hydrogen  Temperatures  During  Deposition 
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1-D  Heat  Transfer 


note:  1  mW/cm-K  =  0.1  W/m-K 


Calculated  Heat  Flux  vs.  pH2  Deposition  Rate 


pH2  deposition  rate  (pm/min) 


Thermal  Conductivity  of  Rapid  Vapor  Deposited  pH 


rs 


Q 

g 

r— i 

r— i 

CQ 

r  . 

i— 1 

O'* 

CQ 

T— 1 

Os 

H 

'sO 

*— j 

t> 

H 

r— H 

i 

o 

1-H 

rH 

I 

© 

i—H 

r— 1 

o 

o 

o 

u 

H 

H 

1  1 

CN 

r- 

CN 

r- 

f- 

r— 1 

o 

r-H 

T— 1 

o 

. .  ( 

<N 

(N 

CN 

• 

4-> 

CN 

CN 

CN 

Oh 

CN 

CN 

CN 

Oh 

CN 

CN 

CN 

X 

H 

H 

H 

X 

H 

H 

H 

W 

CO 

CO 

CO 

w 

CO 

CO 

CO 

4 


Comparison  with  Literature  TC  Values 
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FIG.  1.  Thermal  conductivity  of  crystals  of  pure  pH2  and  p\\t  with  Ne 
impurity  (the  concentration  in  ppm  are  indicated);  the  solid  lines  are  calcu¬ 
lated  results.  > 
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